INTRODUCTION {#sec1-1}
============

In addition to being the first cause of mortality for persons under the age of 45, injury represents the disease with the highest financial burden.\[[@ref1][@ref2]\] Furthermore, the demographic shift along with the incessant development of new and costly technologies have led to an explosion in the costs of trauma care.\[[@ref1]--[@ref3]\] In the light of evidence suggesting that acute clinical trauma care is suboptimal\[[@ref4]\] and that patient outcomes vary across trauma centers,\[[@ref5][@ref6]\] health care authorities worldwide are expressing the urgent need for information about health care performance.\[[@ref3]\]

Performance in health care is widely measured using Donabedian\'s structure-process-outcome model.\[[@ref7]\] Structure refers to the physical environment of the health care facility including human resources, process refers to clinical interventions in individual patients, and outcome refers to the status of the patient at the end of an episode of care. According to this model, improvements in structure influence process and ultimately, patient outcome. To improve quality of care, performance should be measured by indicators in each domain.

Performance evaluation in trauma began in 1976, when the American College of Surgeons Committee on Trauma (ACS-COT) introduced a series of 12 audit filters, updated to 22 in 1993.\[[@ref8]\] However, these audit filters are based uniquely on clinical processes and patient outcome. In organised trauma systems, structure is traditionally evaluated in a qualitative fashion with on-site accreditation visits by a committee of external experts who verify adherence to a series of criteria recommended by ACS-COT.\[[@ref8]\] No quantitative indicator of structural performance has been proposed for trauma center evaluation despite the widespread use of accreditation procedures.

The objective of this study was to develop and validate a structural performance indicator that can be ascertained from accreditation visit data and used to drive performance improvement efforts.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

The study was based on the inclusive trauma system of the province of Quebec, Canada. The Quebec trauma system was instated in 1993 and involves regionalized care from urban level I trauma centers through to rural community hospitals. At the end of the study period, the system included 6 level I (including 2 pediatric), 4 level II, 21 level III, and 28 level IV centers. Standardized prehospital protocols ensure that major trauma cases are taken to these hospitals and standing agreements regulate interhospital transfers within the system.

Data {#sec2-2}
----

### Accreditation data {#sec3-1}

Data were extracted from accreditation reports completed during on-site visits performed at each trauma center between 1994 and 2005. The Quebec accreditation process was performed by an independent trauma medical counsel comprising 30 medical experts from provincial trauma centers. The medical counsel evaluated each center using a checklist of items based on ACS-COT criteria.\[[@ref9]\] After each site visit, the accreditation committee made a final recommendation to either: 1) maintain the accreditation level without modification, (2) maintain current level pending specific modifications without an on-site control visit, 3) maintain current level pending on modifications with an on-site control visit, or 4) revoke the designation status.

Two waves of accreditation visits were performed by the trauma medical counsel after the initial designation process in 1993 -- the first between 1994 and 1999 and the second between 1998 and 2005. Analyses were based on the second wave of visits because they were conducted after the system run-in period and they coincide with the collection of trauma registry data.

### Patient-level data {#sec3-2}

To describe the patient population of the Quebec trauma system, data were extracted from the Quebec trauma registry (1999-2006). This registry is mandatory for all 59 provincially designated trauma centers and includes all deaths following injury, intensive care unit admissions, hospital stays ≥2 days, and interhospital transfers.

Development of the structural performance indicator {#sec2-3}
---------------------------------------------------

We first developed a standardized evaluation grid to extract qualitative information from the accreditation reports (Appendix). This grid included 73 items grouped under three themes -- commitment, trauma program, and procedural protocols that were based on the ACS-COT checklist. A preliminary series of 10 randomly selected reports were transposed independently onto the grid by five experts from the trauma medical counsel to standardize the transposition process. After this run-in period, a single evaluator transposed all reports onto the evaluation grid. A series of 12 randomly selected reports were duplicated and inserted under a fictitious hospital among the reports to verify intraobserver reliability. To generate a quantitative score from the evaluation grid, each item was scored either on a four-point Likert scale (0-very negative to 4-very positive) or on a binary scale (0-absent/4-present).

Weights were then assigned to each item of the grid by group of 10 experts from the trauma medical counsel according to perceived importance. The structural performance score was calculated for each trauma center as the weighted sum of the 73 items, standardized to range between 0 and 100 (see [appendix](#App1){ref-type="fig"}). A higher score thus represents better structural performance; a score of 0 would be given to a trauma center with all items absent or very negative whereas a score of 100 would be given to a trauma center with all items present or very positive.

![Trauma center accreditation grid: Items and their individual weights (sum = 100 points)](JETS-6-3-g001){#App1}

Since the accreditation reports were written in short form, elements of the evaluation grid were not all thoroughly documented in each report. In addition, some items were not scored because they were not applicable to a particular level of trauma center (see appendix). Missing data items were attributed a score of two (neutral). Sensitivity analyses to verify the robustness of results to this treatment of missing data are presented in the Results section.

Structural performance scores are presented using modified rank plots whereby trauma centers are ordered by designation level and volume. Because data are based on only one accreditation visit, confidence intervals (CI) could not be calculated for each individual center. We, therefore, identified outliers by plotting ± 2 standard deviation around the global mean.

Validation of the structural performance indicator {#sec2-4}
--------------------------------------------------

The structural performance indicator was evaluated in terms of intra-observer reliability, discrimination between trauma centers, construct validity, and forecasting according to recommendations for evaluating composite indicators proposed by the Agency for Healthcare Research and Quality.\[[@ref10]\]

*Intraobserver reliability* was evaluated by calculating quadratic weighted kappa statistics\[[@ref11]\] on each item for a sample of 12 randomly selected reports that were coded twice by the same evaluator.

*Discrimination* was defined as the ability of the indicator to differentiate performance between trauma centers and was evaluated with the coefficient of variation, calculated as the ratio of the standard deviation of the structural performance scores to their mean multiplied by 100. The CI of the coefficient of variation was generated using boostrap resampling (*n* = 500).\[[@ref12]\] Coefficients of variation are expressed as a percentage where higher values indicate higher between-center variation. A coefficient of variation with a lower 95% CI above 10% was considered to reflect a distribution with high variation, synonym of good between-center discrimination.\[[@ref13]\]

*Construct validity* was defined as the degree of association between the structural performance indicator and other measures of quality and was assessed by evaluating the correlation of the structure scores with the following: i) designation levels, ii) trauma patient volume, iii) accreditation recommendations. Correlation was assessed with Spearman\'s correlation coefficients along with asymptotic 95% CI.

*Forecasting* was defined as the ability of the structural performance indicator to predict structural performance over time. For this analysis we calculated structural performance scores using accreditation reports completed between 1994 and 1999 during the run-in period of the Quebec trauma system (data not used in any other analyses). We then evaluated the correlation between structural performance scores generated from the two waves of accreditation visits (1994-1999 and 1998-2005). Correlation was assessed with Spearman\'s correlation coefficient with an asymptotic 95% CI. Since the first wave of visits was only available for 57/59 trauma centers, the correlation coefficient was based on *n* = 57.

Sensitivity analyses {#sec2-5}
--------------------

Sensitivity analyses were performed to assess the robustness of the structural performance scores to the treatment of missing data items and the weighting scheme. For missing data items, we evaluated the correlation in trauma center structural performance scores when missing data values were coded 0 (very negative/absent: worst case scenario) or 4 (very positive/present: Best case scenario) instead of 2 (neutral). For the weighting scheme, we evaluated the correlation in trauma center ranks when equal weights were used over consensus-based weights.

All analyses were performed with the SAS system (version 9.2). Ethical approval was obtained from our institutional ethics committee. The identity of trauma centers is not revealed to protect institutional confidentiality.

RESULTS {#sec1-3}
=======

Level I trauma centers admitted on average 900 patients per year that met trauma registry criteria whereas mean volume was below 40 for rural level IV centers \[[Table 1](#T1){ref-type="table"}\]. Level I/II centers admitted more seriously injured patients who more frequently presented with a head injury than lower level centers. Only 4% of the patient population was admitted for penetrating trauma.

###### 

Characteristics of trauma centers in the Quebec trauma system (1999-2006)

![](JETS-6-3-g002)

The mean structural performance score among the 59 trauma centers was 47.4/100 (95% CI: 43.6-51.1). Most points were lost on trauma program (mean of 12.8/33.4), followed by procedural protocols (20.3/44.4), and lastly commitment (15.6/22.2). There were two institutional outliers - one level III center was a high performer whereas one level IV center was a low performer \[[Figure 1](#F1){ref-type="fig"}\].

![Structural performance scores for the 59 trauma centers in the Quebec trauma system (1998-2005)](JETS-6-3-g003){#F1}

*Intraobserver* agreement was almost perfect (kappa \> 0.8) for 66 of the 73 items (90%) in the evaluation grid.\[[@ref14]\]

Between-center discrimination of structural performance was good. The coefficient of variation of the structural performance scores was 31.2% with a bootstrap 95% CI of 25.5-37.6%, indicating that the distribution of structural performance scores had high variation.

Of the 59 trauma centers in the system, 20 (33.9%) maintained their designation status as is, 6 (10.2%) were asked to make specific changes with no on-site control visit, 15 (25.4%) were asked to make changes with a control visit and 18 (30.5%) had their designation level revoked. In terms of *construct validity*, accreditation decisions had a strong correlation with structural performance scores \[[Table 2](#T2){ref-type="table"}\]; median scores were 52/100 for those that conserved their status as is, 47/100 for centers with changes to make but no control visit, 43/100 for centers with changes and a control visit, and 35/100 for centers with revoked status (*P* = 0.0008). The indicator of structural performance also correlated with trauma center designation level \[[Table 2](#T2){ref-type="table"}\]. Median structural performance scores for level I through IV were 63/100, 52/100, 54/100, and 40/100, respectively, showing decreasing scores with decreasing level of accreditation (*P* = 0.002). We observed a weaker but statistically significant correlation with patient volume whereby higher volumes were associated with higher structural performance scores (*P* = 0.05). No correlation was observed between structural performance scores in the first wave of accreditation visits, performed just after implementation of the trauma system in 1993, and those in the second wave performed between 1998 and 2005 \[[Figure 2](#F2){ref-type="fig"}\].

###### 

Association of structural performance scores with the accreditation decision, designation level, and trauma center volume (1998-2005)

![](JETS-6-3-g004)

![Correlation between structural performance scores derived from accreditation visits performed in the first wave (1994-1999) and the second wave (1998-2005)](JETS-6-3-g005){#F2}

Sensitivity analyses {#sec2-6}
--------------------

Structural performance scores calculated by attributing a value of 0 (very negative/absent: worst case scenario) or 4 (very positive/present: Best case scenario) to all missing data items had a high correlation with scores calculated by attributing a value of 2 \[[Table 3](#T3){ref-type="table"}\]. Between-center variation was unchanged, as expected. Correlations with accreditation decision, designation level and volume were similar as was the correlation between the two waves of visits. The correlation between structural performance scores based on consensus weights and equal weights for each item of the grid was almost perfect: r = 0.99 (95% CI 0.98-0.99).

###### 

Sensitivity analyses: Comparison of study results when missing data values were coded 2 (neutral) with study results when missing data values were coded 0 (very negative/absent) or 4 (very positive/present)

![](JETS-6-3-g006)

DISCUSSION {#sec1-4}
==========

In this study, we have demonstrated the feasibility of deriving a quantitative composite indicator of structural performance using trauma system accreditation reports based on ASC-COT criteria. The proposed indicator shows good reliability, discriminates between centers, and correlates well with designation level, volume, and accreditation status. Lack of correlation over time may suggest that accreditation reports need to be filled out in a more standardized manner but may also be an indication that structural performance fluctuates over time. The proposed indicator can be used to describe structural performance and identify trauma center outliers to drive quality improvement efforts.

Indicators of structural performance are an essential part of trauma center performance evaluation. In addition, they are easier to assess than process or outcome indicators as they are collected at the hospital rather than the patient level and they may also be more easily actionable. Data used to calculate the proposed indicator are already routinely collected in most trauma systems on periodic accreditation visits. Furthermore, many items could be collected at a distance rather than at on-site visits. The observed association of the proposed structural performance indicator with designation level and volume is an indication of construct validity and suggests that the indicator is likely to have good predictive criterion validity as both designation level and volume have been shown to have a negative correlation with risk-adjusted rates of mortality, severe disability at discharge, and hospital length of stay.\[[@ref15][@ref16]\] In addition, the near perfect correlation between structural performance scores based on consensus and equal weights suggests that the latter could be used with no impact on results. This would simplify calculation of structural performance scores as while weights allow administrators to account for the perceived importance of structural aspects, they require periodic updating according to changes in best practise guidelines and may not be exportable across trauma systems.

The observed inability of the score to forecast performance at a later time could be due to the lack of standardization of the accreditation process between the first visit during the run-in period and the second visit, performed when the system had had a chance to mature. This and the presence of missing data suggest that the accreditation process would benefit from better standardization. Indeed, in our system, the upcoming round of visits will be based on mandatory electronic completion of all items in the evaluation grid. However, the observed lack of temporal correlation may also be explained by important changes in structural performance over time. Of interest, among the themes that are part of the structural score, we observed better forecasting for procedural protocols (r = 0.19; 95% CI -0.08;0.43) than for the trauma program (r = 0.009; 95% CI -0.25;0.27) or commitment (r = -0.05; 95% CI -0.30;0.22).

Accreditation visits are customary for trauma centers. However, a recent scoping review\[[@ref17]\] and systematic review\[[@ref18]\] on trauma quality indicators did not identify any studies that implemented or validated a composite indicator of structural performance for trauma care. In other health care sectors, few studies have looked at quantifying hospital structural performance. Daley *et al*. used on-site visits to measure structural performance for Veteran\'s Affairs medical centers and developed a quantitative score using consensus-based ratings. They demonstrated a relationship between this indicator of structural performance and risk-adjusted mortality/morbidity rates.\[[@ref19]\] The Index of Hospital Quality includes a composite indicator of structure for 12 medical specialities derived by a one-factor solution from principal components analysis that is used by the US News and World Report (National Opinion Research Center) to generate US hospital rankings.\[[@ref20]\] Although trauma care is not evaluated per se in US hospital rankings, the structural indicator includes an indicator of the presence and level of trauma care.\[[@ref21]\]

Strengths and limitations {#sec2-7}
-------------------------

This study was based on accreditation data from a mature integrated trauma system that follows ACS-COT designation criteria. Information from reports was transposed onto a standardized evaluation grid calibrated over several experts. In addition, we were able to evaluate intra-rater reliability and partly address the internal validity of the score. However, limitations include the lack of standardized data collection, problems related to composite scores, and generalizability beyond the Quebec trauma system.

The accreditation visit reports used in the present study lacked standardization because they were not performed in the context of quantitative performance evaluation. We addressed this problem by retrospectively extracting qualitative information from reports and transposing it onto a standardized evaluation grid. However, missing data items were frequent, which may have influenced the final structural performance scores. A value of 2 (neutral) was attributed to missing data items of the evaluation grid. This would have led to an underestimation of between-center variation and is likely to have led to an underestimation of associations of structural performance scores with designation level, volume, and accreditation status. However, the results of sensitivity analyses suggest that the strategy used to address missing data items was adequate. To address this problem, future accreditation visits will be based on mandatory prospective electronic completion of all items in the evaluation grid.

The proposed indicator of structural performance is a composite measure and while it is a useful indicator of global performance, it is associated with the limitations inherent to composite scores. It may mask item-specific differences across centers and may make action difficult as it is hard to identify the specific causes of high/low performance. For this reason, composite scores should always be accompanied by item-specific data.

There are several different methods for deriving composite scores and there is no clear consensus on which method is optimal.\[[@ref22][@ref23]\] We used a simple weighted average (consensus or equal-weights) over more complex methods such as principal components analysis or latent variable models partly because these methods would have required at least 10 observations (trauma centers) per grid item (i.e., 10 × 84 trauma centers) to generate accurate results.\[[@ref24]\]

Finally, the evaluation grid used in our trauma system is based on ACS-COT criteria but evaluation items are likely to vary across systems. Therefore, while this study provides evidence of the feasibility of generating a quantitative structural performance indicator from report data, methods will have to be adapted to different reporting formats. In addition, the validity and reliability of the proposed composite indicator of trauma center structural performance will need to be assessed in other trauma systems.

CONCLUSION {#sec1-5}
==========

In summary, we have proposed a structural performance indicator that can be derived from trauma center accreditation visit reports and we have provided evidence of its reliability and internal validity. The indicator can be used to describe performance, identify institutional outliers, and inform accreditation decisions with the goal of driving performance improvement efforts. Further research needs to evaluate the influence of structural performance measured by the proposed indicator on clinical process performance and ultimately, on patient outcome. The observed variability in structural performance across centers and the change in structural scores over time underline the importance of evaluating structural performance in trauma systems at regular intervals to drive quality improvement efforts.
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